cumulative impact on the survival of worms, this strategy could also represent a significantly 48 more cost-effective option than annual DEC tablet-based MDA for accomplishing LF 49 elimination.
50

Significance
51
A social enterprise approach can offer an innovative market-based strategy by which 52 edible salt fortified with DEC could be distributed to communities both on a financially 
89
Salt fortified with the anti-filarial drug, diethylcarbamazine (DEC), could offer an 90 intervention that avoids many of the above issues connected with tablet-based elimination 91 programs [18] . Indeed, DEC-salt has played a major role in the elimination of LF in a number of 92 pilot and region-wide settings in Africa, Central America, and Asia [5, [12] [13] [14] [15] [16] [17] . The low dose of 93 DEC (0.1-0.6% [w/w]) used in these studies and programs was well tolerated and rarely 94 associated with adverse reactions. It also has the potential to be more effective than tablet-based
95
Mass Drug Administration (MDA) programs via reduction of the durations of intervention 96 required to interrupt parasite transmission [18] . Moreover, fortified salt can also be provided to a 6 97 population without developing a dedicated public distribution system, overcoming the need for 98 developing an effective health infrastructure capable of distributing anti-filarial drugs at the high 99 coverages needed for achieving elimination [5, 7, 8] .
100
Haiti is one of only four countries remaining in the Americas where LF is still endemic 101 [8, 19] . MDA using DEC first started in the country under the National Program to Eliminate LF 102 (NPELF) in 2000, and following funding, sociopolitical and natural disaster-based challenges to 103 scaling up, the program realized full national coverage by 2012 [5, 7, 8, 20] . This delay together 104 with the technical challenge of interrupting transmission in areas of highest prevalence even with 105 good levels of coverage using the suggested five successive years of annual MDA [5, 7, 8, 20] , 106 indicate that it is unlikely that NPELF will meet the goal of accomplishing LF elimination in the to facilitate the elimination of LF (and prevention of iodine deficiency disorders) in Haiti [8] .
112
Based on the principle of employing a social enterprise framework for providing goods and 113 services in an entrepreneurial and innovative fashion to solve social problems [21] [22] [23] , this 114 project has since upgraded its salt production facility to facilitate a transition to the production 115 and sale of processed food-grade co-fortified salt, raising the potential of using DEC-medicated 116 salt as a long-term sustainable means to accomplish LF elimination in settings, such as Haiti.
117
Here, our major aim was to examine the economic performance and effectiveness of 118 using the Haitian social enterprise-based framework for producing and marketing DEC-fortified we evaluated the economic performance and social value of the enterprise by assessing: 1) the 124 growth in salt production, costs of resources consumed, and revenues from sales gained to 125 determine break-even points, 2) the impact of the product-mix used for realizing the socially-126 relevant sale price of the salt, and 3) its cost-effectiveness compared to tablet-based MDA for 127 accomplishing LF elimination in the study setting of Léogâne arrondissement, Haiti. We discuss 128 the results in terms of how using a social enterprise can offer a sustainable and innovative 129 strategy for accomplishing LF elimination in Haiti, and similarly resource-constrained settings, 130 that face both programmatic and social difficulties in delivering long-term tablet-based LF
131
MDAs.
132
Methods
133
Overview
134
We carried out a cost-revenue analysis to evaluate the production capability and financial [20, [28] [29] [30] [31] . All model parameters, functions, and fitting procedures specific to this work 200 are given in detail in S1 Supporting Information.
201
Results
202
Costs and production of salt The data on salt production show that initial output was low (e.g., 10 metric tons of both the fixed and variable costs of salt production varied over time ( with expansion in capacity the enterprise was able to achieve significant production volumes for 237 the double-fortified salt by year 2018 (1841 metric tons recorded for the coarse variety).
238
Net cash flow and break-even forecasting
239
The total annual costs of salt production (= Investment + Fixed Costs + Variable Costs)
240
and revenues attained from the sale of all three types of salt are given in Table 2 . Total annual 241 costs increased as production expanded (Table 1) between total production cost and total revenue, although being negative for all the years from However, if we use the data from 2016-2018, when total salt production had reached significant 254 levels (Table 1) , to predict the time point at which the break-even point will be achieved, this 255 will occur earlier by year 2022 (Fig 1(b) ). for the production of all three types of salt, while total revenue is calculated using the revenue 259 data from the sale of all three types of salt for each year. Table 2 . The red dotted line indicates the break-even point for each scenario. (Fig 1) for the project is due to the delay in reaching the break-even year for double-fortified salt. would take up to 7 years at 65% coverage, and 5 years at 80% coverage, respectively, to reach 347 the 1% mf threshold. By contrast, the model predictions show that it will take just 1 year at 65% 348 coverage, 5 months at 80% coverage, and 3 years if actual population coverage (Table 4) are 349 used to reduce the pre-control prevalence to below this threshold (Fig 3) . This highlights the 350 dramatic effect that daily consumption of DEC-medicated salt even at low dosages (0.32% w/w)
351
would have compared to annual intake of a higher dosages of DEC (and ALB) as provided by these parameters would mean attaining lower annual population coverages than shown in Table   356 4; however, a sensitivity analysis using coverage values 15-20% lower than those depicted in the 357 population growth, and will continue to be substantial on a yearly basis until LF elimination is 369 achieved, the net cost of supplying DEC-fortified salt through the social business model will 370 decline dramatically with time as production costs decrease and revenues begin to increase over 371 time (Fig 2) . Indeed, projection forward of the net or revenue -production cost data collected when the project breaks even (Fig 1(a) ). We used the total costs of implementing each strategy until LF elimination (crossing 388 below the 1% mf threshold) is achieved to investigate the cost effectiveness of either strategy.
389
The total costs and effectiveness of using MDA at 65% and 80% coverages and supplying DEC 390 salt at 65%, 80% and the actual coverages given in over time observed in this study.
399
The results from this exercise are shown in Léogâne in the present analysis would clearly further increase the cost of MDA over that 424 presented in Table 5 , which in turn would lead to an even higher cost-effectiveness ratio for
425
MDA compared to those estimated for DEC salt in this study (Table 6 ). In this study, we have undertaken a performance assessment of a novel social enterprise have potentially resulted in a coverage rate of 65% by 2018 (Table 4) , which our previous 474 modeling study [18] and the present cost-effectiveness exercise (Fig 3 and affect its potential to reach break-even points (Fig 1) . Specifically, we show that given the 489 observed trends in production costs and revenue to 2018 (Table 2 ), the present salt enterprise break-even status by the social enterprise is primarily due to the lag experienced by the 502 production and sale of the double-fortified salt. Although the per ton production cost of the latter 503 salt declined as significantly over time as the other two salt categories (Fig 2) , indicating the 504 achievement of considerable economics of scale, the need to keep the price of the DEC salt 505 below the marginal cost of adding the drug ($70/metric ton (see Table 3 )) to compete with untreated local edible salt in the market means that either: 1) the current market price needs to be 507 revised upwards, or 2) further economies of scale need to be found to bring down production 508 costs, or 3) cross-subsidy from the more profitable categories of salt produced will be required in 509 order to continue with the processing of DEC salt in this setting. While on the one hand, such a 510 capacity to use a product mix strategy innovatively as a means to subsidize the marketing of a 511 product for meeting a social need is a feature of using an enterprise model, note that this may be and hence attain profitability sooner than predicted in this work.
523
The cost-effectiveness modeling exercise carried out in this study showed that apart from 524 the efficiency of the business model used for achieving economic and financial sustainability, the 525 salt enterprise may also be more cost-effective than the standard tablet-based annual MDA 526 program for accomplishing LF elimination in Léogâne (Table 6 ). This is because not only will 527 the population coverage that can be potentially attained by sale of the DEC salt ( 
572
We have also used rough first calculations of the population coverages that could be 573 obtained with the expansion of salt production in the present cost-effectiveness modelling study. Field studies to assess the actual household coverage achieved through the enterprise 575 will be critical for not only more realistically quantifying its effectiveness for accomplishing
576
LF transmission interruption in a community, but also for identifying better marketing 577 strategies to achieve good population coverage.
578
In conclusion, we have presented an economic and financial analysis of the Haitian 579 salt social enterprise, which indicates that it may present a sustainable and socially- would improve our current efforts for meeting this laudable but exacting goal successfully.
